relation to the part at the time of irradiation. The method I employ allows of the anode of the tube being placed readily and easily in accurate anatomical relation to the part to be examined by means of a very simple mechanical contrivance, and in dealing with the renal region it is placed immediately below the spine on the second lumbar vertebra. In every case this relation between the anode of the tube and the spine of the second lumbar vertebra is maintained, and, since the kidneys and the ureters usually bear a definite relationship to the bones of the part, a radiogram showing up these structures would demonstrate the shadow relationship they bear to the bones. To obtain a certain knowledge of these relationships the pelvis of the kidneys and the ureter of a post-FIG 1  FIG. 2. mortem subject were injected with an emulsion of bismuth, which is opaque to the ray. A radiogram was then secured of the renal region of the subject, the anode of the tube beiing in the usual relation to the second lumbar vertebra. By means of this radiogram the shadow relationship of the kidneys, right and left, and of the ureters was worked out,' and in the radiogram ( fig. 1 ) that relationship is distinctly indicated. The circles A and Bthe pelvis of the kidneys and the lines C, D and E, Fline of the ureters.
The position of the subject is also of some importance. The patient is placed, lying face downwards with his arms by his sides, on a canvas-topped couch under which the tube is arranged, and in order to restrict, so far as it is possible to do so, the movements of the diaphragm and consequently of the kidneys, a pad or compressor is placed under the abdomen with the whole weight of the patient resting upon it. The compressor pushes the abdominal contents away from the renal area and allows the more perfect illumination of these parts. The position of the patient on the couch is as to be seen in the photograph (fig. 2) .
It is often difficult to secure a radiogram of good quality, sometimes on account of the density of the subject and sometimes owing to the vagaries of the patient. The latter is usually overcome by frequent examinations or by administration of an anwsthetic. With regard to FIG. 3 FIG. 4. the first-named cause, it is not always the most obese subject that is the cause of failure; more often it is the stout subject with considerable muscular development. The use of an abdominal compressor, combined with frequent examination and effective evacuations of the intestine, usually results, however, in a radiogram of good quality, even in the most obese subject. A radiogram of good quality should show the following points: It should be absolutely symmetrical; the lumbar vertebra should be sharp and distinct in outline; the margin of the psoas muscle easily made out; the twelfth rib well defined; and the outline of the kidney on either side discernible. Fig. 3 
is a radiogram
showing all these points. If such a radiogram as this be secured there is no reason that I can see why a positive or negative diagnosis may not be absolutely relied upon; but in a case where the radiogram is not up to this standard it is the duty of the radiographer to state this fact, so that the diagnosis, positive or negative, may be valued at its true worth.
Let me impress upon you that in order to bring renal examinations to a successful conclusion it is essential that the examination should not be carried out in a hurried manner, for not only is it necessary to have the intestine properly emptied, but time should be allowed for re-examination, not once, but two or three times if necessary. For example, the radiogram ( fig. 4 ) is one of a case in point; the subject was not obese, but a man of exceptionally good muscular development. He came T ; T~~~~ FIG. 5. FIG. 6 up for X-ray examination on two occasions, on neither of which was the abdomen well emptied. The radiograms were not of first-class quality and the result was negative. Finally he was admitted into the hospital, the bowels thoroughly evacuated, and irradiation carried out for the third time. An opacity marked -÷ representing a small renal calculus is discernible. Also, the radiograms (figs. 5 and 6) of the case which was under the care of Mr. Stanley Boyd, where re-examination not only verified the presence of any opacity in the line of the ureter, but made the diagnosis more certainly correct in a rather interesting way. It happened between the examinations that the patient had an attack of colic, which resulted in the opacity representing the calculus appearing somewhat lower down in the line of the ureter in the second radiogram. This observation is made possible by the radiograms on each occasion being secured in fixed position. The opacity marked -+ representing the calculus lies in relation to the transverse process of the fifth lumbar vertebrae, considerably nearer the crest of the ilium in fig. 6 . It is often insisted on that the radiographer be in possession of all the clinical facts of the case before making his examination. Although a knowledge of the clinical history is desirable, it is, however, better, in my opinion, that at the time of examination the only knowledge one should have of the case is that it be one of supposed calculus in the kidney, bladder or ureter. By thus approaching the case the radiograimi can be viewed with an entirely unbiased mind, and an examination in every case of the whole of the urinary tract becomes absolutely necessary. A provisional diagnosis having been made radiographically, the clinician can then compare his conclusion with that arrived at by the X-ray examination. Thus the value of clinical observation is considerably increased. Further, it is of the utmost importance that neither the clinical nor the X-ray evidence should be put in a place of first importance. The radiographer is wrong who states that X-ray evidence is infallible, and, on the other hand, the clinician is surely equally wrong in advocating operation in the face of strong X-ray evidence to the contrary. It is always advisable, if possible, to bring the one in line with the other. Many cases of positive X-ray ill may be negative clinically and vice versa. For example, in a case in which, after a typical attack of renal colic, the pain subsiding and the urine becoming normiial, the calculus having presumably passed, on X-ray examination ( fig. 7 ) an opacity muarked -* was to be seen in the line of the ureter, and a calculus was remiioved by operation. As I have stated, no abnormality was to be found in the urine, and the only symptolmwas persistent slight pain. In this case the calculus probably completely occluded the ureter, thus preventing any abnormal urine reaching the bladder. In contradistinction to this case let me mention another, which was under the care of Mr. Gibbs. The patient suffered from repeated attacks of typical renal colic with sickness and heematuria; X-ray examination gave a negative result on three occasions. It was observed that the outline of the kidney on the affected side was mnuch increased in size, so as to alim-ost comiipletely fill the right flank. Operation revealed a tuberculous kidney. The radiogram ( fig. 8 ) is that of another case in which there was no symptom other than the pus in the urine-no renal colic, no sickness, no pain in the back, yet no fewer than 284 stones were removed fromithe kidney by Mr. Waterhouse. On the other hand, let mie give you an account of a case under the care of Dr. Baker and Mr. Pardoe, who have kindly supplied me with the clinical notes: Mr. P., aged 31. For two years seven or eight attacks of definite right renal colic, never any ha-maturia; has passed at least twenty or thirty sm-tall pieces of calculus; urine-no albumin, no pus, no bacteria. Plenty of calcium oxalate crystals. Most of the calculi passed were smi-ooth and brown like linseed, two were white and angular; calculi were last pas,sed twelve months ago. Has had three or four attacks of severe colic since that date, but no hematuria. April 29, 1908: Right kidney palpable and tender, the left could not be felt; nothing to be felt per rectum or by bimanual examination except a little tenderness in both iliac fossee; no increased frequency of micturition. X-ray examination ( fig. 9 ) revealed an opacity marked -* in the line of the right ureter, typical in shape and strongly suggesting the presence of an impacted calculus. May 7, 1908: Cystoscopy, bladder normal, both ureteric orifices normal, and a clear efflux on both sides; ureteric catheter passed without obstruction to the pelvis of the kidney on both sides. The patient, acting on the advice given him, went to Contrexeville. No calculus was passed, and, after returning, he had some attacks of renal pain. FIG. 11. FIG. 12. And yet another case, in which the usual exalimination (not cystoscopically) for the diagnosis of a vesical calculus was carried out with general anaesthesia, the result being negative. X-ray plainly shows a stone marked -> in the bladder (fig. 10 ).
These cases, and many others I could show you, prove that in the diagnosis of renal calculus and other calculi in the urinary tract, both X-ray and clinical evidence must be taken into consideration. It often happens, however, that the evidence to be found in the radiogram is so strongly in favour of the presence of calculus that it can be said to be sound and reliable, even in the face of very weak or even no clinical support. Fig. 11 is the radiogram of such a case.
In the interpretation of opacities observed in the renal region, the radiographer has to face certain difficulties apart from mere technical faults, such as photographic stains, &c., but with experience and the assistance of many valuable writings on the subject, it is quite possible for him to avoid most of these difficulties. Sometimes, however, X-ray examination seems to render a case more obscure: to illustrate this point, let me give you shortly an account of a case under the care of Dr. Gibson and Mr. Pardoe, who kindly supplied me with their clinical notes: Mrs. B., a healthy young woman, six weeks after her confinement had a sudden attack of severe pain in the right loin, extending to the groin and vulva, accompanied by strong and indeed FIG. 13 FIG. 14 imperative desire to micturate. There was observed definite bright heematuria which lasted a few days; a second attack similar in nature came on about three months later and a third attack within a month after. When seen by Mr. Pardoe (October 2), the following was her condition: there was no cvstitis, only a trace of albumin in the urine, no blood, and a few hydatid casts; the right kidney was just -palpable on deep inspiration, the left kidney could not be felt; nothing to be felt on bimanual palpation, abdominal or vaginal; cystoscopy showed a perfectly healthy bladder and ureteric orifices, and a clear rapid efflux on both sides. Patient complained of a steady, aching pain in the right groin and loin whenever she was up and about; this disappeared entirely in the recumbent position'. The result of the X-ray examination, carried out on October 10, is to be seen in Fig. 12 . Two distinct opacities marked -÷ are to be made out, one on the left side, the other on the right, each in line with the ureter, and strongly suggesting a calculus impacted in the lower part of each ureter. Seeing that the calculi were small enough to pass, the patient was advised to take copious diuretics and to keep a careful watch on the urine. Further history from Dr. Gibson (November 10): Two weeks after the examination, the patient .going about and taking plenty of liquid, developed, on November 8, severe renal colic on the left side with slight haematuria. No stone was observed nor felt to pass, the watch on the urine having been relaxed. Fig. 13 is the result of an examination carried out on December 7, 1908 You notice that the opacity on the left side has disappeared, the calculus in left ureter, observed on first examination, having been passed per urethram.
In the system of examination of the urinary tract described, both kidneys and ureters, right and left, are examined at the same time. The following cases illustrate the importance of investigating both sides, irrespective of clinical indications:
(1) A case in which the symptoms of renal calculus were complained of on the right side, and the right side only, you can see in the radiogram, an opacity marked -+ strongly suggesting a calculus in the pelvis of the left kidney ( fig. 14) .
(2) A case in which severe pain was complained of in the right groin, an opacity marked -> is plainly discernible near the lower end of the left ureter. In this case, subsequent to this discovery, pain was complained of on the left side, and eventually a small calculus was passed ( fig. 15 ).
(3) Another case is one in which the explanation of the presence of pus in the urine was sought for by X-ray examination of the renal region, other sources having been excluded. In the radiogram there is to be seen ample evidence in either the right or the left kidney of the source of the pyuria. Should only one side have been examined, sufficient evidence would have been procured to have suggested operative interference, a measure which, in view of the condition of the other kidney, would, I take it, have been contraindicated (fig. 16 ).
The radiographer can often do more than indicate that the case is one of calculus of the kidney or ureter. Any increase in size of outline FIG. 17. FIG. 18 of the kidney, when observed in a case of suspected renal calculus, may assist the diagnosis. For example, the radiogram ( fig. 17 ) is that of a boy who suffered from attacks of renal colic associated with pus in the urine. Calculus was suspected, but on X-ray examination the outline of the right kidney was markedly increased in size; no opacity suggesting the presence of calculus. From an X-ray point of view, the diagnosis in this case, in view of the increase in size of the outline of the kidney, is tuberculous kidney, with renal colic from the passage of pus and debris through the ureter. As a matter of fact, such was the condition of affairs on post-mortem examination.
If, moreover, there is inore than one calculus present this fact can be noted, and the position of the calculus or calculi, in relation to the pelvis or the cortex of the kidney, may be indicated. The condition of the sound kidney, provided the outline of it can be made out, may also be deduced from the size of the shadow cast by it. The following cases illustrate these points.
(1) A case in which it is obviously possible to count the stones in the kidney and to indicate, at any rate roughly, their position in relation to the kidney-namely, three stones, one in the lower pole of the kidney, marked A, one in the pelvis of the kidney, marked -B, and one impacted in the calices, mnarked -* C, about the centre of the pelvis ( fig. 18 ).
(2) A case of obvious stone in the cortex of the kidney, where the outline of the unaffected kidney is plainly to be seen, slightly increased in size ( fig. 3 ).
In conclusion, I trust that you will appreciate some of the difficulties the radiographer has to meet in connection with the diagnosis of renal calculus, and you will see that he has striven to some purpose to remove this method of investigation from the realm of mere mechanics to a branch of the profession that must be recognized as a permanent and essential factor in the accurate diagnosis of disease of the urinary system.
DISCUSSION.
The PRESIDENT (Mr. Warrington Haward) remarked that it would be agreed by all present that a very beautiful series of radiograms had been demonstrated by Dr. Bruce. It would also be conceded that it was desirable not only that radiograms should be good, but that medical men should be familiar with their proper interpretation. From time to time one had seen curious errors made with good radiograms because of the unfamiliarity of the observer with the natural appearance presented by the parts depicted. Therefore it was a great advantage to have so lucid a demonstration as that furnished by Dr. Bruce of a part of the body wherein diagnosis might be materially assisted or even rendered certain by X-ray examination. Members of the Electro-Therapeutical Section had also been invited to be present, and he was sure their views would be welcome. He asked if any Fellows could tell the Section of cases in which difficulty had arisen as to the nature of the shadow, for instance, phleboliths being mistaken for calculi. It was always interesting to hear of errors, if it was not always pleasant to relate them, as it might save others from the same pitfalls.
Dr. HARRISON ORTON said he had been much interested in Dr. Bruce's paper, and thought he had clearly shown that the X-ray examination of the urinary tract was not the simple mechanical process it was by so many thought to be, and that the inexperienced interpretation of negatives, which often lacked the proper qualities, had been and was still responsible for many of the errors attributed to this method. With regard to technique, that which he employed at St. Mary's Hospital and the Royal Free Hospital was so similar to that employed by Dr. Bruce that he would not say much about it, the only difference being that he used some compression in addition to the weight of the patient by screwing down a board on to the plate placed on the back of the patient. He attached a great deal of importance to the quality of the rays emitted by the tube at the time of examination; they should be of such a quality that they did not penetrate the least dense calculi. He need hardly enter into the technique of this before the Section, but they would readily understand that many calculi might be missed by employing a ray which had sufficient penetrating power to pass through them. The difficulties which Dr. Bruce had mentioned of obtaining satisfactory negatives in some cases were well known to radiographers, but he agreed with him that in expert hands most of these difficulties could be overcome, though several examinations might be necessary. He found the tissues of very old people were sometimes very opaque, and he had had most trouble with an old lady aged 84. The recognition of the correct quality of negative required was an essential of technique, and if such a negative could not be obtained, a rarity now, as he had said, this fact must be stated, or a reliable negative diagnosis could not be given. He would like to emphasize the fact mentioned that a thorough evacuation of the intestines was necessary for many reasons, which he had stated in a previous paper read before the Society. He agreed that we should not be influenced by the clinical facts of the case, for the reason that he thought the whole urinary tract ought to be examined in every case, for large calculi might be present with practically no symptoms; symptoms might point to the wrong side; calculi might be present in both kidneys, or present in a kidney and ureter at the same time. It was important, however, that all clinical symptoms when present should be taken in conjunction with the X-ray findings, for, as he had pointed out both before this Society and at Sheffield this year, there were several conditions other than calculus which produced similar shadows, and which might lead to error if the X-ray findings were relied upon alone. Such were phleboliths in the uterine and prostatic veins, calcified mesenteric glands, concretions in the appendix, &c. He had prints of several of them which they might like to see afterwards, and also two phleboliths removed from one of the cases by operation. In conclusion, he would say that this X-ray examination, though not infallible, had in expert hands a percentage of error which was less than any other, and might, taken in conjunction with other methods, give information unobtainable by any other means.
Mr. W. G. SPENCER handed round the negative sent him by Dr. Ling of a patient aged 50, a man who for twenty years had supposed himself to be the subject of intermittent or cyclical albuminuria, and who began his medical attendance under the late Dr. Andrew, of St. Bartholomew's Hospital. The usual questions arose in that connexion in respect of a desire to insure his life, and after the matter had been debated the life was loaded. He was supposed to be frequently having attacks of albuminuria, and latterly he had wasted considerably and got weaker. He had had no particular symptoms, except that he could remember having sometimes had vague pains on the right side, until a sudden attack on the left side, which was at first thought to be true colic from some intestinal obstruction. But when, after a week, his bowels having been opened, there was remaining tenderness, a radiograph was taken. Before that was finished, however, he had a second attack, which was more definitely renal. The radiograph showed an opacity on the right side corresponding to the pelvis of the kidney. It was a large coral-shaped calculus with hydronephrosis above. What had brought things to a crisis was a calculus the size of the top of the little finger on the left side. The history of the case, shortly, was that in order to relieve the dangerous renal colic, which was threatening to recur, he operated on the left side and removed the stone corresponding to that opacity. It turned out that in the urine, when centrifugalized, what was thought to be albumin was pus. He therefore removed the wlhole of the right kidney with the large coral-shaped stone, and the patient had recovered. With regard to one of the slides shown by Dr. Bruce he suggested that the stone beside the ureter would, if left, develop into an encysted calculus of the bladder. That was a subject in illustration of which he had a patient before the Clinical Society two years ago, and Mr. Clutton, wlho was then President, had another. The discussion turned on the older subject of encysted calculus of the bladder. The stone was now pouching the lower end of the ureter above the sphincter and slipping down beside the mucous membrane of the bladder. If that was left alone, he thought there would be a pedunculated swelling into the bladder, covered with what had been regarded as a capsule, but was the mucous membrane of the bladder.
Dr. N. S. FINZI said he had listened with great interest to Dr. Bruce's lucid exposition, but he was sorry he had not touched on the subject of the diagnosis of other diseases of the urinary tract, such as tuberculous kidney, by means of X-rays. He had a case in which there was subsequently proved to be a caseous kidney. The shadow cast by this on the radiogram was deeper than that of any calculus; the density of the shadow was comparable with that of the bodies of the vertebrae. He thought the one criterion of a good X-ray negative should be a distinct outline of the kidney. He did not agree with those who said if the psoas muscle was seen it was enough. He had seen skiagrams in which no trace of a calculus was shown, but when one was taken indicating the kidney clearly, a stone was detected.
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Dr. IRONSIDE BRUCE, in reply, agreed that the X-ray diagnosis of tuberculous kidney was a subject to which more attention ought to be paid. Thle caseous patches to be found in this disease cast shadows not easily distinguishable from those due to calculus. Opacities due to caseous patches could usually be recognized, however, by (1) the enlargement of the outline of the kidney shadow, indicating enlargement of that organ; (2) by such opacities usually showing a radiate arrangement; and (3) by the appearance of tuberculous calcified glands outside the renal area or even on the opposite side. With regard to the so-called phleboliths, their position in relation to the bones usually, in his opinion, served to distinguish them from opacities due to calculus. In tlle system that he had described the exact position of the ureters in relation to the bones was known, as were also the areas in which phleboliths were likely to occur. Unless radiograms are secured in a fixed position, the line pursued by the ureters is a mere matter for speculation. Phleboliths in radiograms secured in with the anode below the symphysis pubis lie well within the line of the ureter. He had been much interested in the explanation of one of the cases quoted, offered by Mr. Spencer, because it was consistent with the position of the opacity in the radiogram-namely, not more than i in. from the lower end of the ureter. The calculus might well have become encysted in the bladder wall, and in that position allowing a free efflux and the free passage of a ureteric bougie, it Nvould not occlude the ureteric orifice.
